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(57) A process for preparing a fluoropoiymer by po- 
lymerizing one or more radically polymerizable mono- 
mers comprising at least one fluorooiefin monomer in 
the presence of a radical polymerization initiator and as 
case demands, an inactive fiuorocarbon and chain 
transfer agent in a reaction field where at least one of 



components fomriing the reaction field is in a supercriti- 
cal state. According to the preparation process, gener- 
ation of unstable end groups of the polymer, a decrease 
in a purity and complicated post-treatment can be elim- 
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Description 
TECHNICAL FIELD 

5 [0001] The present invention relates to a process for preparing a fiuoropolymer by polymerizing in a supercritical 
state. 

BACKGROUND ART 

10 [0002] Fluoropolymers have excellent chemical resistance, solvent resistance and heat resistance and therefore are 
used widely in an industrial field such as automobile industry, semi-conductor industry and chemical industry as a 
starting material for a sealing member to be used under critical conditions. 

[0003] Hitherto preparation of fluoropolymers has been carried out by emulsion polymerization or suspension po- 
lymerization of a fluoroolefin in an aqueous medium by using a water soluble radical initiator or an oil soluble radical 
15 initiator. A polymerization reaction field thereof was substantially in produced polymer particles or in an inactive solvent 
which hardly affect the polymerization reaction. 

[0004] In a conventional emulsion polymerization method which is carried out by employing an aqueous medium, 
generally a water soluble initiator is used, and therefore an end group of a produced polymer Is Ionic. When the polymer 
is used as a rubber, an end group thereof reduces a vulcanization reaction rate at vulcanizing and compression set of 

20 a final vulcanized article increases. Also when the polymer is used for other applications, the end group has an adverse 
effect on a molded article, i.e. causing a foaming of the molded article. A solid polymer is prepared by agglomerating 
an aqueous dispersion obtained after the polymerization reaction by using a proper coagulant and then dehydrating 
and drying, which, however, requires long and complicated steps and cannot be said to be an effective preparation 
process. Further if a residue of the ionic initiator is mixed to the product, there is a problem when an obtained molded 

25 article is used as parts for semi-conductor production apparatuses. 

[0005] In case of the suspension polymerization, there arises a problem with an adherence of a produced polymer 
on walls of a reactor due to precipitation thereof, which causes a decrease In yield of polymer and an increase in 
polymer production cost. 

[0006] In recent years researches have been made actively with respect to use of a supercritical fluid, mainly carison 
30 dioxide, as a reaction field. The supercritical fluid is a fluid having temperature and pressure range higher than the 
both of critical temperature and critical pressure, and generally the range not so exceeding critical points greatly tends 
to be used positively from economical point of view. 

[0007] The supercritical fluid has properties suitable as a reaction medium because of a good thenmal conductivity, 
a rapid diffusion and a small viscosity. 

35 [0008] With respect to polymerization of a fluoroolefin which is earned out by employing a supercritical fluid, for 
example, Japanese Patent Publication No. 505429/1995 discloses a radical polymerization reaction of fluoroacrylate 
by using supercritical carbon dioxide as a reaction field. Also USP-5312882 discloses polymerization by using super- 
critical carbon dioxide as a continuous phase and a monomer as a dispersion phase in the presence of a surfactant 
which has a moiety having affinity for carbon dioxide. USP-5527865 discloses a radical polymerization of tetrafluor- 

40 oethylene in two separate phases in the presence of a fluorine-containing anionic surfactant by using supercritical 
carbon dioxide and water simultaneously. Further USP-561 8894 describes that polymerization of tetraf luoroethylene. 
copolymerization of tetraf luoroethylene and perfluoro(propyl vinyl ether) and copolymerization of vinylidene fluoride 
and hexafluoropropylene are carried out under non-aqueous condition in supercritical carison dioxide by using a radical 
polymerization initiator being capable of generating stable polymer end groups. In all of those polymerization reactions, 

^ the supercritical fluid is limited to cartson dioxide or a mixture containing carbon dioxide. Japanese Patent Publication 
No.502691/1998 discloses a reaction by using a liquid being maintained at a pressure higher than atmospheric pres- 
sure, supercritical fluid such as cartDon dioxide, hydrofluorocarbon, perfluorocarbon, or a mixture thereof. However a 
dispersion aid is required as an essential component In the reaction field, which Is not preferable from the viewpoint 
of an Increase in a purity of an obtained polymer, and a monomer which is a reactive substance is not used as a 

50 supercritical fluid. 

[0009] Examples of polymerization reaction of fluoroolefin in a supercritical fluid by using the monomer itself as the 
supercritical fluid are tetraf luoroethylene/hexaf I uoropropylene copolymerization described in USP-3062793, tetrafluor- 
oethylene/hexafluoropropylene copolymerization and vinylidene fluoride/hexaf I uoropropylene copolymerization de- 
scribed In W096/24624, and the like. However in the former publication, there is no description as to vinylidene fluoride, 
55 and the reaction is carried out under the condition of about 200 MPa or more. In the latter publication, the reaction is 
carried out under critical conditions of very high temperature and pressure of from 41 to 690 MPa and from 200'* to 
400''C, respectively. Therefore there Is a disadvantage that installation cost in commercial scale becomes high. 
[0010] As a result of intensive study to solve the problems such as generation of unstable polymer end groups, 
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lowering of a purity and complica^||^sMreatment, the inventors of the present inventjJ^^liid solve the above- 
mentioned problems by forming a supercritical state In the presence of minimum components for polymerization reac- 
tion and have connpleted a process for preparing a fluoropolymer which can reduce an Installation cost in commercial 
scale. 

5 

DISCLOSURE OF INVENTION 

[0011] Namely the present invention relates to the process for preparing a fluoropolymer by polymerizing one or 
more radically polymerizable monomers comprising at least one fluoroolefin monomer in the presence of a radical 

10 polymerization Initiator in a reaction field where at least one of the monomers is in a supercritical state. 

[0012] Also the present invention relates to the process for preparing a fluoropolymer by polymerizing one or more 
radically polymerizable monomers comprising at least one fluoroolefin monomer substantially in the absence of water 
in the presence of a radical polymerization initiator in a reaction field where the whole pressure in the polymerization 
system Is 40 M Pa or less in an absolute pressure and at least one of the monomers Is in a supercritical state. 

15 [0013] Also the present invention relates to the process for preparing a fluoropolymer by polymerizing one or more 
radically polymerizable monomers comprising at least one fluoroolefin monomer in the presence of a radical polymer- 
ization initiator and an inactive fluorocarison in a reaction field where at least one selected from the group consisting 
of the monomers and fluorocarbon is in a supercritical state. 

[0014] Also the present Invention relates to the process for preparing a fluoropolymer by polymerizing one or more 
20 radically polymerizable monomers comprising at least one fluoroolefin monomer substantially in the absence of water 
in the presence of a radical polymerization initiator and an inactive fluorocarbon in a reaction field where the whole 
pressure In the polymerization system is 40 MPa or less In an absolute pressure and at least one selected from the 
group consisting of the monomers and fluorocarbon is in a supercritical state. 

[0015] Further in those polymerization processes, the polymerization may be carried out in a reaction field where a 
25 chain transfer agent is present. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0016] In the present invention, "a reaction field where at least one of the monomers is in a supercritical state" and 
30 *'a reaction field where at least one selected from the group consisting of the monomers and fluorocarbon is in a 
supercritical state" mean the following reaction fields. | 

0 In case of using no fluorocarbon and using one monomer, a reaction field In a state exceeding both of critical 
pressure and critical temperature of the monomer. 

35 © In case of using no fluorocarbon and using two or more monomers, a reaction field in a state exceeding both 

of the lowest critical pressure and the lowest critical temperature of those monomers individually. For example, in 
case of using two monomers of vinylidene fluoride (VdF, critical pressure (Pc) = 4.430 MPa, critical temperature 
(Tc) = 30.1 S^C) and hexaflu crop ropy lene (HFP, Pc = 2.900 MPa, Tc = 93.95'C), a reaction field in a state exceeding 
2.900 MPa which is a critical pressure of HFP and 30.15°C which Is a critical temperature of VdF (for example, 

40 Pc = 3.5 MPa, Tc = SO^'C) Is in a supercritical state in the present Invention. 

® in case of using fluorocarbon and at least one monomer, a reaction field in a state exceeding both of the lowest 
critical pressure and the lowest critical temperature of those components Individually like the above case® . 

[0017] In the present invention, from the viewpoint of enhancement of energy efficiency and reduction of installation 
^ cost, it is preferable that a reaction field in a range approximate to the above-mentioned lowest critical points (pressure 
and temperature) is used as those reaction fields in a supercritical state. 

[0018] Whether or notthe reaction field is in a supercritical state of the present invention can be judged by determining 
a saturated state of a system to be measured and a relation between a pressure, density and temperature (PVT meas- 
urement) in one phase. However when actual values are difficult to obtain, estimated values ("Elementary Edition of 
50 Chemical Handbook, 5th Rev." by The Chemical Society of Japan, p. 6, Issued by Maruzen Corporation, (March 15, 
1995)) can be used instead of them. 

[0019] In the present invention, one or more radically polymerizable monomers comprising at least one fluoroolefin 
monomer are polymerized in a reaction field being in a supercritical state in the presence of a radical polymerization 
initiator or in the presence of an inactive fluorocartson and a radical polymerization initiator. 
55 [0020] In the present invention, examples of components forming a reaction field being in a supercritical state are: 

(1) only one or more radically polymerizable monomers comprising at least one fluoroolefin monomer, and 

(2) a mixture of one or more radically polymerizable monomers comprising at least one fluoroolefin monomer and 
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an inactive flu orocarbon. 




[0021] Examples of the usable radically polymerizable monomer are: 

5 (i) one fluoroolef in monomer, 

(ti) a mixture of two or more fluoroolef in monomers, 

(ill) a mixture of one fluoroolefin monomer and one or more non-fluoroolefin monomers, and 
(iv) a mixture of two or more fluoroolefin monomers and one or more non-fluoroolefin monomers. 

10 [0022] Examples of the fluoroolefin monomer are perfluoroolefin monomers such as tetraf luoroethylene (TFE), hex- 
afluoropropylene (HFP), perfluoro(alkyl vinyl ether) (PAVE), 



15 



20 



CF-CP 
/ \ 

o o 

>( 



CF^ 



and CF2=CFOCF2CF=CF2; and non-perfluoroolefin monomers such as vinylldene fluoride (VdF), trif luoroethylene, 
25 vinyl fluoride, trifluoropropylene, pentafluoropropylene, tetraf luoropropylene and hexafluoroisobutene. Examples of 
PAVE are perfluoro(methyl vinyl ether) (PMVE), perfluoro (ethyl vinyl ether) (PEVE), perfluoro(propyl vinyl ether) 
(PPVE), and the like. 

[0023] Also functional group-containing fluoroolefin monomers can be used. Examples of the functional group-con- 
taining fluoroolefin are, for instance, those represented by the formula: 



30 



45 



so 



35 CX2=C-Rr-Y 

wherein Y is -CH2OH, -COOH, -SO2F, -SO3M (M is hydrogen, NH4 group or alkali metal), carboxylic acid salt, carbox- 
yester group, epoxy group or nitrile group, X and X"" are the same or different and each is hydrogen atom or fluorine 
40 atom, Rf is a divalent fluorine-containing alkylene group having 1 to 40 carbon atoms or a divalent fluorine-containing 
alkylene group having 1 to 40 carbon atoms and ether bond. Examples thereof are, for Instance, 



CF2=CFOCF2CF2CH20H, CF2=CFO(CF2)3COOH. 



CFg^CFOCFaCFaCOOCHa, CFa'CFOCFjCFOCFaCFaCHaOH, 

CF3 



CF2=CFCF2COOH, CF2=CFCF2CH20H. 



55 
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CF2=CFCF2CF2CH2<^HpH2, CF2»CFCF20CF2CF2CF2COOH, 



CF2=CFCF20CFCFCOOCH3, CFa^CFOCFaCjJFOCFaCFaSOaF, 
CF3 CF3 



CF2-CFOCF2CFOCF2CF2COOH, CF2=CFOCF2CF2S02F, 
CF3 

CF2=CFCF2CF2COOH, CF2=CFCF2COOH 
CH2=CFCF2CF2CH2CH20H. CH2=CFCF2CF2COOH. 



CH2»CFCF2CF2CH2CHCH2, CH2=CF(CF2CF212 COOH, 



CH,-CPCP,OCKCH,OH, CH,=CPCP,OCPCOOH. 
CF, CF, 



CHa-CFCFaOCFCHaOCHaCHCHa, 



CHo'CFCFoOCFCFaOCFCHoOH, 
CF3 CF3 



CHa-CFCFaOCjJFCFaOCjIFCOOH, 
CF3 CF3 



55 



CH2=CHCF2CF2CH2CH2COOH, 
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CHa-CH-tCFaJgCHaCHaCOOCHa, 



CH2=CFCOOH. 



CFa 

CHa-CHCHaC-OH, 
CF3 



CF, 
I 



CF2=CF(OCF2CF-fe- O-iCFa-fe-CN, 



wherein m is 0 to 5, n is 1 to 8, 



wherein n is 1 to 4, 



wherein n is 2 to 5, 



CF3=CF(CF20CFiH- CFgOCF^CF^, 
CN CF3 



CF2«CFO(CF2^ OCF{CF3)CN, 



CF2-CFO— f CFa-fe — ^^\-CN, 



wherein n is 1 to 6, 



wherein n is 1 or 2, 



CF2=CF[OCF2CF(CFg)]„OCF2CF(CF3)CN. 
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CH2-CFCF2O —i CFCF2CHH— CF-CN, 
CF3 dlFa 

wherein n is 1 or 2, and the Mice. 

[0024] In addition, iodine-containing nnonomers. for example, lodinated perf1uoro(vinyl ethers) such as perfluoro 
(6,6-dihydro-6-iodo-3-oxa-1-hexene) and perfiuoro(5-lodo-3-oxa-1-pentene) described in JP-B-5-63482 and JP-A- 
10 62-12734 can be copoiymerized as a non-perfiuoroolefln monomer. 

[0025] Examples of the non-fluoroolefin monomer are, for instance, a-olef in monomers having 2 to 1 0 carbon atoms 
such as ethylene (ET), propylene, butene and pentene; alkyi vinyl ethers having an allcyl group of 1 to 20 carbon atoms 
such as methyl vinyl ether, ethyl vinyl ether, propyl vinyl ether, cyclohexyl vinyl ether, hydroxybutyl vinyl ether and butyl 
vinyl ether; and the like. 

15 [0026] The polymerization in a reaction field being in a supercritical state of the present invention can be applied 
particularly suitably to the following combinations of radically polymerizable monomers: 

(a) polymerization of one of VdF, TFE, CTFE or the like. 

(b) copolymerization of VdF and HFP (60 to 99/1 to 50 in mole ratio), 

20 (c) copolymerization of VdF, HFP and TFE (50 to 98/1 to 40/1 to 40 in mole ratio), 

(d) copolymerization of HFP and ethylene (1 to 50/50 to 99 in mole ratio), 

(e) copolymerization of HFP, ethylene and TFE (1 to 50/40 to 98/1 to 45 in mole ratio), 

(f) copolymerization of PAVE and TFE (1 to 50/50 to 99 in mole ratio). 

(g) copolymerization of TFE and HFP (50 to 99/1 to 50 In mole ratio), 
25 (h) copolymerization of TFE and ET (1 to 99/1 to 99 In mole ratio), 

(i) copolymerization of TFE and propylene (1 to 99/1 to 99 in mole ratio), 
(j) copolymerization of VdF and TFE (1 to 99/1 to 99 in mole ratio), 
(k) copolymerization of VdF and CTFE (1 to 99/1 to 99 in mole ratio), 
(1) copolymerization of VdF, CTFE and TFE (50 to 98/1 to 30/1 to 30 in mole ratio), 
30 (m) copolymerization of TFE, VdF and propylene (30 to 98/1 to 50/1 to 50 in mole ratio), 

(n) copolymerization of ethylene, HFP and VdF (10 to 85/10 to 45/1 to 45 in mole ratio), 
(o) copolymerization of ethylene, HFP. VdF and TFE (1 0 to 85/10 to 45/1 to 45/1 to 30 in mole ratio). 



and the like. 

35 [0027] In the present Invention, a fluorocarbon may be present in the reaction field. Examples of the fiuorocarbon 
are hydrofluorocarbons such as pentafluoroethane, tetrafluoroethane, trifluoroethane, trifluoromethane and difluor- 
omethane; perfluorocariaons such as perfluoroethane and perfluorocyclobutane; and the like. Those fluorocariDons 
function as a diluting agent for the monomer in the reaction field, help eliminate a reaction heat and adjust a solubility 
of a produced polymer into a reaction system. 

40 [0028] An amount of the fluorocarbon when used is from 1 to 500 % by weight, preferably 1 to 300 % by weight, 
particularly preferably 1 to 200 % by weight on the basis of the total amount of the monomers. If the amount is too 
large, an amount of the fluorocarbon to be recovered after the reaction Increases, which Is not preferable. From the 
viewpoint of obtaining a high molecular weight product, it is preferable that the produced polymer does not dissolve in 
the reaction system completely and is in a dispersed state. 

45 [0029] In the present invention, water may be present in the reaction field. However It is rather preferable to make 
water absent substantially in order to simplify a post-treatment step. 

[0030] Also in the present Invention, a chain transfer agent may be added to adjust a molecular weight of the polymer 
to a desired weight. 

[0031] Examples of the chain transfer agent are hydrocarbons, halogenated hydrocarbons, and in addition, hydro- 
50 cartoon alcohols, esters, ketones, mercaptans, and the like. Examples of the hydrocarbon are those having 4 to 6 
cart3on atoms such as pentane, butane and hexane. Examples of the halogenated hydrocartDon are, for instance, 
tetrachloromethane, methylene chloride, and the like. Examples of the hydrocartDon alcohol are, for instance, methanol, 
ethanol, isopropanol, and the like. Examples of the hydrocariaon ester are, for instance, methyl acetate, ethyl acetate, 
butyl acetate, ethyl propionate, ethyl acetoacetate, dimethyl malonate, diethyl malonate, dimethyl succinate, diethyl 
55 succinate, and the like. Examples of the hydrocarbon ketone are, for instance, acetone, acetylacetone, cyclohexanone, 
and the like. Examples of the mercaptan are, for instance, dodecylmercaptan, and the like. Among them, from the 
viewpoint of being capable of decreasing a molecular weight greatly by adding In a small amount thereof, pentane, 
butane, diethyl malonate, tetrachloromethane, acetone and dodecylmercaptan are preferable. 
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[0032] An amount of the chain tr^^Pr agent may be optionally detenmined depending on l^^red molecular weight 
of the polymer. The amount thereof Is usually from 0.01 to 5 % by weight, particularly preferably 0.1 to 2 % by weight 
on the basis of the total amount of the monomers. 

[0033] In the present Invention the polymerlzatibn of radically polymerizable monomer Is carried out in the presence 
of a radical polymerization initiator in a reaction field being in a supercritical state. 

[0034] Examples of the method for making the reaction field being in a supercritical state are, for instance, a method 
of fonnlng the supercritical state by putting a monomer and as case demands, a fluorocariDon into a pressure resistant 
polymerization reactor and heating up to a critical temperature or more, thereby adjusting to a critical pressure, a 
method of forming the supercritical state by putting continuously a monomer and as case demands, a fluorocarbon 
into a pressure resistant reactor adjusted to a critical pressure or more and a critical temperature or more, and the like 
method. The polymerization can be carried out by any of batchwise, semi-batc^wise and continuous methods. 
[0035] Critical pressure (Pc) and critical temperature (Tc) of typical monomers and fluorocarbons are raised below 
for reference. 



15 



20 



25 



30 



35 



iName Of SUDSlance 








Monomer 








VdF 


4.430 


303.30 


1 


HFP 


2.900 


367.10 


2 


TFE 


3.940 


306.00 


3 


CTFE 


3.960 


379.00 


4 


PMVE 


2.803 


362.33 


5 


PEVE 


2.266 


394.67 


5 


PPVE 


1.901 


423.51 


5 


Ethylene 


5.041 


282.34 


6 


Propylene 


4.600 


364.90 


6 


FluorocariDon 








Perfluoromethane 


3.745 


227.51 


7 


Trifluoromethane 


4.836 


298.97 


7 


Difluoromethane 


5.830 


351 .55 


8 


Perfluoroethane 


3.043 


293.03 


9 


1,1,1 ,2-tetrafluoroethane 


4.056 


374.18 


10 


1 ,1,1-trifluoroethane 


3.765 


345.75 


11 


1,1>difluoroethane 


4.516 


386.41 


7 


Perfluorocyclobutane 


2.773 


388.37 


12 



40 



45 



50 



55 



[0036] References are those mentioned below. 

1 : Riddick, J.A., Bunger, W.B., Sakano, T.K., 

"Organic Solvents: Physical Properties and Methods of Purification", 4th Ed., Wiley Interscience, New York (1 986). 

2 : Matheson Company, Inc.. "Matheson Gas Data Book" unabridged ed.. 4 vols.. East Rutherford, New Jersey 
(1974). 

3 : Weiss, G., "Hazardous Chemicals Data Book", Noyes Data Corp. Paric Ridge, NJ (1986). 

4 : Engineering Sciences Data, Item 91006, "Vapor Pressures and Critical Points of Liquids. Halogenated Eth- 
ylenes", ESDU, London April (1991). 

5 : Estimated (Lydersen method). 

6 : Tsonopoulos, C, Ambrose, D., "Vapor-Liquid Critical Properties of Elements and Compounds, 6. Unsaturated 
Aliphatic Hydrocari3ons" J. Chem. Eng. Data 41 ,645 (1996). 

7 : Thermodynamics Research Center, "TRC Thennodynamic Tables, Non-Hydrocarbons" The Texas A&M Uni- 
versity System, College Station, TX (1996). 

8 : Gross, U., Song, Y. W., "Thennal Conductivities of New Refrigerants R125 and R32 Measured by the Transient 
Hot-wire Method" Int. J. Thermophys. 17(3), 607 (1996). 

9 : Wilson, L. C, Wilding, W.V., Wilson, H.L.. Wilson, G.M., "Critical Point Measurements by a New Flow Method 
and a Traditional Static Method" J. Chem. Eng. Data 40,765 (1995). 

10 : McLinden, M.O., Huber, M.L., Outcalt, S.V., "Thenmophyslcal Properties of Alternative Refrigerants: Status of 
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the MFCs" ASME Winter Anni 




meting, New Orleans, LA-November 18 (1993). 



11 :'Nagel, Bier, K., Int. J. Refrigeration 19(4), 264 (1996). 

12 : Thermodynamics Research Center, "Selected Values of Properties of Chennical Compounds", Data Project, 
Texas A&M University, College Station, Texafe (1983). 

[0037] When the connponents fomning the reaction field are a mixture, there is a case where the critical pressure 
and/or critical tennperature decrease or Increase as compared with the case of a single component. However In the 
present Invention, as mentioned above, the pressure and temperature may be a minimum critical pressure or more 
and a minimum critical temperature or more, respectively in an actual reaction field. 

[0038] As mentioned above, in the present invention the polymerization conditions depend on conditions for fomning 
a supercrrtical state and are not limited. However the polymerization conditions near the critical points are preferable. 
For example, a polymerization pressure is from 2 to 40 MPa, preferably 4 to 1 0 MPa, and a polymerization temperature 
is from 10"" to 200''C, preferably 50"* to ISO^'C. A polymerization time is from about 0.1 hour to about 50 hours. When 
the polymerization temperature and pressure are as high as exceeding the respective critical points greatiy, installation 
cost for polymerization reaction increases. 

[0039] The polymerization is earned out in the presence of a radical polymerization initiator. Examples of the radical 
polymerization initiator are, for Instance, organic or inorganic peroxide, persulfate, azo compound, and the like. 
[0040] Examples of the organic peroxide are. for Instance, diaikyi peroxides such as 2,5-dimethyl-2,5-bis(t-butylp- 
eroxy)hexane and di-t-butyl peroxide; diacyl peroxides such as isobutyl peroxide. 3,5,5-trlmethylhexanoyl peroxide, 
octanoyl peroxide, lauroyl peroxide, stearoyi peroxide and succinic acid peroxide; peroxy dlcarbonates such as dinor- 
malpropyl peroxydicarbonate, diisopropyl peroxydicariDonate, bis(4-t-butyicyclohexyl) peroxydicariaonate, di-2-ethox- 
yethyl peroxydicarbonate, di-2-ethylhexyl peroxydicariDonate and di-2-methoxybutyl peroxydicariDonate; peroxy esters 
such as 1 ,1 ,3,3-tetramethylbutyl peroxyneodecanoate, 1-cyclohexyl-1-methylethyl peroxyneodecanoate, t-hexyl per- 
oxyneodecanoate, t-butyl peroxyneodecanoate, t-hexyl peroxypyvalate, t-butyl peroxypyvalate, 1,1.3,3-tetramethyl- 
butyl peroxy-2-ethylhexanoate, 2.6-dlmethyl-2,5-bis(2-ethylhexanoylperoxy)hexane, 1 -cyclohexyl-1 -methylethylper- 
oxy-2-ethylhexanoate, t-hexylperoxy-2-ethylhexanoate, t-butylperoxy-2-ethylhexanoate, t-butylperoxy isobutyrate, t- 
hexylperoxylsopropyl monocartjonate, t-butylperoxy-3,5,5-trlmethylhexanoate, t-butylperoxy laurate, t-butylperoxyiso- 
propyl monocariaonate, t-butyIperoxy-2-ethyhexyl monocarbonate and t-butylperoxy acetate; 



and the like. 

[0041] Example of the Inorganic peroxide is, for instance, hydrogen peroxide. 

[0042] Examples of the persulfate are, for instance, ammonium persulfate, sodium persulfate, potassium persulfate, 
and the like. 

[0043] In case of peroxide and persulfate, the Initiator can be used in combination with a reducing agent. 
[0044] Examples of the azo compounds are, for instance, cyano-2-propyl azoformamide, 1 ,1 '-azobis(cyclohexane- 
1 -cariaonitrile), 2,2*-azobls(2-amidinopropane)dihydrochloride, 2,2'-azobis(2-methylbutyronitrile). 2,2'-azobisisobuty- 
ronltrile, 2,2'-azobis(2,4-dimethylvaleronitrile), 2,2'-azobls[N-(2-propenyl)-2-methylproplonamlde]. macro azo com- 
pound containing polydimethylsiloxane segment, 2,2'-azobis(2,4,4-trimethylpentane), 2,2'-azobis(4-methoxy- 
2,4-dlmethylvaleronitrile), 4,4'-azobis(4-cyanovalerate), dimethyl 2. 2 '-azobis( isobutyrate), 2,2'-azobis[2-(2-lmidazo- 
line-2-yl)propane]dihydrochIoride, 2,2'-azobls[2-(2-imidazollne-2-yl)propane]disulfate dihydrate, 2,2'-azobis[2-(2-imi- 
dazoline-2-yl)propane], 2,2'-azobis{2-methyl-N-[1,1-bis(hydroxymethyl)-2-hydroxyethyl]propionamide}, 2,2'-azobis 
{2-methyl-N-[1 .1 -bis(hydroxymethyl)ethyllproplonamide}. 2,2'-azobis[2-methyl-N-(2-hydroxyethyl)propionamide], 2,2'- 
azobisisobutylamide dihydrate, 2,2'-azobis[2-(hydroxymethyl)propionitrile], and the like. 

[0045] An amount of the radical polymerization initiator is from 0.005 to 10 % by weight, preferably 0.05 to 2 % by 
weight on the basis of a total amount of the monomers. 

[0046] In case where a method of iodine transfer polymerization (cf. J P-A-53- 125491) is used in the preparation 
process of the present invention, when the polymerization is carried out In the presence of a compound represented 
by the formula (1): 



O 




R(l)x(Br)y 



(I) 
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wherein R is a saturated or un-sati^^^ divalent fluoro hydrocarbon group or divalent chlord^^^ hydrocarbon group 
having 1 to 1 6 carbon atoms or a saturated or un-saturated divalent hydrocarbon group having 1 to 3 carbon atoms, 
each of x and y is 0, 1 or 2, x + y = 2 Jt is advantageous because a polymerization rate is Increased. 
[0047] Examples of the compound represented by the formula (I) are, for Instance, 1 .3-diiodoperf luoropropane. 

5 l,3-diiodo-2-chloroperfluoropropane, 1 ,4-diiodoperfluorobutane, 1 ,5-diiodo-2,4-dichloroperfluoropentane, 1,6-diio- 
doperfluorohexane, 1 ,8-diiodoperfluorooctane, 1,12-dilodoperfluorododecane, 1 ,16-diiodoperfluorohexadecane, diio- 
domethane, 1 ,2-dilodoethane. 1 ,3-dnodo-n-propane, CF2Br2, BrCFgCFgBr, CFaCFBrCFgBr. CFClBrg, BrCFgCFCIBr, 
CFBrCICFCIBr, BrCF2CF2CF2Br, BrCF2CFBrOCF3, 1 -bromo-2-iodoperfluoroethane. 1 -bromo-3-iodoperf luoropro- 
pane, 1 -bromo-4-iodoperfluorobutane, 2-bromo-3-lodoperfluorobutane, 3-bromo-4-lodoperfluorobutene-1 , 2-bromo- 

10 4Hodoperfluorobutene-1 , substitution products having a substltuent at various positions such as monoiodomonobromo- 
substituted product, dliodomonobromo-substituted product, monoiododibromo-substituted product and (2-iodoethyl)- 
and (2-bromoethyl)-substituted products of benzene, and the like. 

[0048] Among them, from the viewpoint of polymerization reactivity, crosslinking reactivity and availability. 1 ,4-dilo- 
doperfluorobutane and diiodomethane are preferably used. 
15 [0049] In the present Invention other additives may be added unless they do not take part In the reaction. Examples 
of the additive are a solvent for the radical polymerization initiator (perfluorohexane, 2,2,3,3-tetrafluoropropylene al- 
cohol, or the like), and the like. 

[0050] According to the preparation process of the present invention, a fluorine-containing homopolymer or copoly- 
mer comprising the above-mentioned radically polymerizable monomer as a component unit can be prepared. Those 

so fluoropolymers may be a resin or an elastomer, 

[0051] Non-restricted examples of the fluoropolymer which can be prepared as a resin are polytetrafluoroethylene 
(PTFE), polyvinylldene fluoride (PVdF), polychlorotrifluoroethylene (PCTFE), VdF-TFE copolymer, VdF-TFE-CTFE co- 
polymer, TFE-HFP copolymer (FEP, HFP content: 30 % by mole or less). TFE-PAVE copolymer (PFA, PAVE content: 
20 % by mole or less), and the like. Examples of the fluoropolymer as an elastomer are VdF-HFP copolymer, 

25 VdF-HFP-TFE copolymer, HFP-ET copolymer, HFP-ET-TFE copolymer, HFP-ET-VdF copolymer, HFP-ET-VdF-TFE 
copolymer, TFE-PAVE copolymer (PAVE content: 21 to 50 % by mole), TFE-HFP copolymer (HFP content: 31 to 50 
% by mole), TFE-propylene copolymer, VdF-CTFE copolymer, TFE-VdF-propylene copolymer, and the like. 
[0052] The present invention is then explained by means of examples, but is not limited to those examples. 

so EXAMPLE 1 

[0053] After the inside of a 548-ml stainless steel autoclave was replaced with nitrogen sufficiently, the autoclave 
was charged with 114.2 g of hexafluoropropylene (HFP) and 40.2 g of vinylidene fluoride (VdF) in a vacuum state by 
means of a high pressure plunger pump and when an inside temperature of the system (reaction temperature) was 

35 increased to 120*^0, an Inside pressure of the system became 5.13 MPa. 

[0054] Then a solution prepared by dissolving 1 .1 8 g of PERBUTYL I (t-butylperoxyisopropyl monocarbonate avail- 
able from NOP Corporation) as an organic peroxide radical polymerization initiator in 4.00 g of 2,2,3,3-tetrafluoro-n- 
propyl alcohol was introduced into a reaction field with nitrogen under pressure to initiate a polymerization . The pressure 
and temperature in the polymerization reaction field were 5.13 MPa and 120*C. respectively. In those pressure and 

40 temperature conditions, since the pressure exceeds Pc of HFP (2.900 MPa) and the temperature exceeds To of VdF 
(30.15°C), the formed reaction field was In a supercritical state of the present Invention. 

[0055] Since the pressure inside the polymerization system decreased with advance of the reaction, a VdF/HFP 
monomer mixture (78.0/22.0 in mole ratio) was fed under pressure to make up for the pressure reduction. Thus the 
reaction was carried out for 2.0 hours under constant conditions of 5.13 MPa and 120**C. 
45 [0056] After completion of the reaction, the remaining monomer was released, and the obtained solid product was 
dried at ISO'^C for 10 hours to give 86.1 g of a coloriess transparent elastomer product. 

[0057] According to i^F-NMR analysis, components of the elastomer product were VdF/HFP in mole ratio of 
70.8/29.2. According to GPC analysis, a number average molecular weight and weight average molecular weight based 
on polystyrene were 11 ,000 and 22,000, respectively. 

50 

EXAMPLE 2 

[0058] After the inside of a 548-ml stainless steel autoclave was replaced with nitrogen sufficiently, the autoclave 
was charged with 100 g of perfluorocyclobutane (C31 8). 114.2 g of hexafluoropropylene (HFP) and 40.2 g of vinylidene 
55 fluoride (VdF) In a vacuum state by means of a high pressure plunger pump and when an inside temperature of the 
system (reaction temperature) was increased to 120*C, an Inside pressure of the system became 5.42 MPa. 
[0059] Then a solution prepared by dissolving 1 .18 g of PERBUTYL I as an organic peroxide radical polymerization 
Initiator in 4.00 g of 2,2,3,3-tetraf luoro-n-propyl alcohol was Introduced into a reaction field with nitrogen under pressure 



10 
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to initiate a pofymerization. Tlie pl^^e and temperature in the pofymerization reaction ^^^vere 5.42 MPa and 
120'*C, respectively. In those pressure and temperature conditions, since the pressure exceeds Pc of C318 (2.778 
MPa) and the temperature exceeds Tc of VdF (30.15''C), the fonmed reaction field was In a supercritical state of the 
present invention. 

5 [0060] Since the pressure inside the polymerization system decreased with advance of the reaction, a VdF/HFP 
monomer mixture (78.0/22.0 in mote ratio) was fed under pressure to make up for the pressure reduction. Thus the 
reaction was carried out for 2.0 hours under constant conditions of 5.42 MPa and 120^0. 

[0061] After completion of the reaction, the remaining monomer was released, and the obtained solid product was 
dried at 150*^0 for 10 hours to give 140.9 g of a colorless transparent elastomer product. 
10 [0062] According to ^^p-NMR analysis, components of the elastomer product were VdF/HFP in mole ratio of 
74.7/25.3. According to GPC analysis, a number average molecular weight and weight average molecular weight based 
on polystyrene were 21 ,000 and 40,000, respectively. 

EXAMPLE 3 

IS 

[0063] After the inside of a 548-ml stainless steel autoclave was replaced with nitrogen sufficiently, the autoclave 
was charged with 200 g of 1,1,1,2-tetrafluoroethane (R134a), 114.2 g of hexafluoropropylene (HFP) and 40.2 g of 
vinylidene fluoride (VdF) in a vacuum state by means of a high pressure plunger pump and when an inside temperature 
of the system (reaction temperature) was increased to 105'*C, an Inside pressure of the system became 6.30 MPa. 

20 [0064] Then a solution prepared by dissolving 1 .1 8 g of PERBiJTYL I as an organic peroxide radical polymerization 
initiator in 4.00 g of 2,2,3,3-tetrafluoro-n-propyl alcohol was introduced into a reaction field with nitrogen under pressure 
to initiate a polymerization. The pressure and temperature in the polymerization reaction field were 6.30 MPa and 
1 0S^'C, respectively. In those pressure and temperature conditions, the fonmed reaction field was in a supercritical state 
of the present Invention as mentioned in Example 1 . 

25 [0065] Since the pressure inside the polymerization system decreased with advance of the reaction, a VdF/HFP 
monomer mixture (78.0/22.0 in mole ratio) was fed under pressure to make up for the pressure reduction. Thus the 
reaction was carried out for 2.0 hours under constant conditions of 6.30 MPa and 1 05*0. 

[0066] After completion of the reaction, the remaining monomer was released, and the obtained solid product was 
dried at 150*^0 for 10 hours to give 31 .8 g of a coloriess transparent elastomer product. 
30 [0067] According to ""^F-NMR analysis, components of the elastomer product were VdF/HFP in mole ratio of 
77.8/22.2. According to GPC analysis, a number average molecular weight and weight average molecular weight based 
on polystyrene were 1 9,000 and 36,000, respectively. 

INDUSTRIAL APPLICABILITY 

35 

[0068] According to the supercritical polymerization method of the present invention, generation of unstable end 
groups of the polymer, a decrease in a purity and complicated post-treatment can be eliminated, and further an instal- 
lation cost in commercial scale can be reduced. 

40 

Claims 

1 . A process for preparing a fluoropolymer by polymerizing one or more radically polymerizable monomers comprising 
at least one fluoroolefin monomer In the presence of a radical polymerization initiator In a reaction field where at 

45 least one of the monomers is In a supercritteal state. 

2. A process for preparing a fluoropolymer by polymerizing one or more radically polymerizable monomers comprising 
at least one fluoroolefin monomer substantially in the absence of water in the presence of a radical polymerization 
initiator in a reaction field where.the whole pressure in the polymerization system Is 40 MPa or less In an absolute 

so pressure and at least one of the monomers is in a supercritical state. 

3. A process for preparing a fluoropolymer by polymerizing one or more radically polymerizable monomers comprising 
at least one fluoroolefin monomer in the presence of a radical polymerization initiator and an inactive fluorocarbon 
in a reaction field where at least one selected from the group consisting of the monomers and fluorocarbon Is in 

55 a supercritical state. 

4. A process for preparing a fluoropolymer by polymerizing one or more radically polymerizable monomers comprising 
at least one fluoroolefin monomer substantially in the absence of water in the presence of a radical polymerization 
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initiator and an inactive fluoro^jj^ in a reaction field where the whole pressure in th^^^nerization system is 
40 MPa or less in an absolute pressure and at least one selected fronn the group consisting of the monomers and 
fluorocarbon is in a supercritical state. 

5. The preparation process of any of Claims 1 to 4, wherein the polymerization is canied out In the presence of a 
chain transfer agent. 

6. The preparation process of Claims 1 to 5, wherein the radically polymerizable monomer is one or more f luoroolefin 
monomers. 

7. The preparation process of Claims 1 to 5, wherein the radically polymerizable monomer is a mixture of one or 
more f luoroolefin monomers and a non-fluorootef in monomer. 

8. The preparation process of any of Claims 3 to 7, wherein the inactive fluorocarbon is a hydrof luorocarbon and/or 
15 perfluorocarbon. 

9. The preparation process of any of Claims 1 to 8, wherein the fluoroolefin monomer is at least one selected from 
the group consisting of vinylidene fluoride, hexafluropropylene, tetrafluoroethylene, perfluoro(atkyl vinyl ether), 
chlorotrif luoroethylene and vinyl fluoride and the non-fluoroolef in monomer is at least one selected from the group 

so consisting of ethylene and propylene. 

10. The preparation process of Claim 9, wherein the radically polymerizable monomer comprises vinylidene fluoride. 

1 1 . The preparation process of Claim 9, wherein the radically polymerizable monomer is a mixture of vinylidene fluoride 
25 and hexafiuoropropylene, a mixture of vinylidene fluoride, hexafluoropropylene and tetraf luoroethylene, a mixture 

of hexafluoropropylene and ethylene, a mixture of hexafiuoropropylene, ethylene and tetrafluoroethylene, a mixture 
of tetrafluoroethylene and perfluoro(alkyl vinyl ether), a mixture of tetrafluoroethylene and hexafluoropropylene, a 
mixture of tetrafluoroethylene and ethylene, a mixture of tetraf luoroethylene and propylene, a mixture of tetrafluor- 
oethylene, propylene and vinylidene fluoride, a mixture of ethylene, hexafluoropropylene and vinylidene fluoride 
^ or a mixture of ethylene, hexafluoropropylene, vinylidene fluoride and tetrafluoroethylene. 

12. The preparation process of Claim 8, wherein the hydrof luorocarbon is pentafluoroethane, tetraf luoroethane, trif- 
luoroethane, trifluoromethane or difluoromethane. 

35 13. The preparation process of Claim 8, wherein the perfluorocarbon Is perf luoroethane or perfluorocyclobutane. 

14. The preparation process of any of Claims 1 to 1 3, wherein the radical polymerization Initiator Is an organic peroxide 
which does not contain a metal atom. 

40 15. The preparation process of any of Claims 1 to 14, wherein the fluoropolymer is a fluoroelastomer. 
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